INTRODUCTION
============

Hepatic resection is generally considered the gold standard for the treatment of patients with hepatocellular carcinoma (HCC).[@B1][@B2][@B3][@B4] However, previous studies report a low rate of resectability for HCC, in the range of 20% to 40%.[@B4][@B5] Surgical treatment is not considered appropriate for most patients, because of poor remnant hepatic function, distant metastasis, major vascular invasion, unsuitable tumor location, and multinodular tumor distribution.[@B1][@B2][@B3][@B4][@B5] Moreover, palliative treatments have produced disappointing survival benefits for patients with unresectable HCCs;[@B6][@B7][@B8] studies show that surgical resection produces a better prognosis than palliative treatments.[@B9][@B10]

Radiofrequency ablation (RFA) has been recently established as an effective treatment method, and is regarded as one of the curative treatment options for select HCC patients.[@B11][@B12][@B13] According to a recent study, RFA is a safe and effective method for managing HCC patients with cirrhosis, especially for patients with a tumor size ≤2 cm, and poor hepatic reservoir function.[@B12] Intraoperative RFA has some theoretical advantages over percutaneous RFA, including better visualization of the tumor on intraoperative ultrasonography.[@B13] Intraoperative RFA also enables more accurate placement of the electrodes, and reduces the risk of bleeding.[@B13] Hepatic failure, due to intraoperative RFA, is less likely to occur in this circumstance than after a hepatectomy of wider extent.[@B11][@B12][@B13][@B14]

Multiple tumorectomies, or an extended hepatectomy, are indicated for patients with multiple HCC. However, they involve a higher risk of hepatic failure, perioperative massive transfusion, and postoperative complications. Therefore, hepatectomy combined with intraoperative RFA (H-RFA) has the advantage of reducing operative risk after the hepatectomy. Additionally, H-RFA may broaden the applicability of surgery for multiple HCC treatments.

The purpose of this study was to evaluate the efficacy and safety of H-RFA for multiple HCCs.

MATERIALS AND METHODS
=====================

Between January 2004 and December 2013, 78 patients underwent surgery for multiple HCC, in the Department of Surgery at our hospital. Among them, 25 underwent H-RFA and 53 underwent hepatectomy alone; these patients were defined as group A and group B, respectively. Their medical records were reviewed retrospectively. The evaluated patient characteristics included age, sex, hepatitis B virus infection, and preoperative radiologic findings (such as the total tumor number, tumor distribution, and largest tumor size). The preoperative laboratory variables included an indocyanine green (ICG) test retention rate at 15 minutes (ICG-R15), a platelet count, the prothrombin time, albumin, and the total bilirubin. The surgical variables included the extent of resection, perioperative red blood cell transfusion, postoperative complications, and in-hospital mortality. The pathologic variables included the size of the largest tumor and the total number of tumors among the resected specimens, microvascular invasion, and the presence of liver cirrhosis. The tumor size and number of RFA procedures performed were also included.

We determined the extent of the hepatectomy based on the patient\'s clinical data, such as the Child-Pugh classification, the status of the portal hypertension, the preoperative laboratory results, and the tumor distribution. The Child-Pugh classification of all patients was Child A. The indications for intraoperative RFA were as follows: the tumor size was less than 3 cm (without closed vascular or biliary structure), there were multiple tumors located in both lobes of the liver that would lead to an inadequate expected remnant liver volume, and there were situations in which a percutaneous RFA approach would have been challenging.

An intraoperative RFA was performed using a 200 W generator in the impedance control mode, and a monopolar single or clustered internally cooled electrode with a 3 cm-long exposure tip (Valleylab, Burlington, MA, USA). A single radiologic specialist performed the intraoperative RFA procedure.

All patients underwent follow-up examinations that included measuring tumor markers, and a 3-phase liver computed tomography or abdominal ultrasonography. Follow-up visits were conducted 4 weeks after surgery, and every 3 months thereafter. After 2 years, follow-up examinations were conducted every 4 to 6 months, depending on the particulars of each case.

Continuous variables were measured as the median (interquartile range or minimal to maximal range) and analyzed using the Mann-Whitney U test. Categorical variables were analyzed with the Chi-square test or Fisher\'s exact test. Survival outcomes were compared between the two groups, using the Kaplan-Meier method, with a log-rank test. SPSS for Windows (Korean version 14.0; SPSS Inc., Chicago, IL, USA) was used for the statistical analyses. *P*-values of less than 0.05 were considered to be statistically significant. This study was approved by the Institutional Review Board of our institution.

RESULTS
=======

The clinicopathological data for the 78 patients enrolled in this study are summarized in [Table 1](#T1){ref-type="table"}. The median follow-up period was 24 months. The median ages of the patients in groups A and B were 61 years and 55 years, respectively (*p*=0.091). The male sex was dominant in both groups, although the difference was not significant (*p*=0.894). The hepatitis B virus infection was the most common etiology of HCC in both groups (*p*=0.074). The median preoperative platelet count values were 130×10^3^/µl in group A and 170×10^3^/µl in group B (*p*=0.063). There were no statistically significant differences in other laboratory variables, such as ICG-R15 values greater than 15% (*p*=0.296), prothrombin time (*p*=0.138), albumin (*p*=0.359), and total bilirubin (*p*=0.603).

With respect to the preoperative variables, the median number of tumors was 2 in both groups (*p*=0.429). There was no statistically significant difference in the median diameter of the largest tumor between the two groups (*p*=0.105). Bilobar tumor distribution was observed in 16 patients (64.0%) in group A, and 24 patients (45.3%) in group B, although this difference was also not statistically significant (*p*\<0.123).

The analysis of the surgical variables showed that major hepatic resections (more than 2 segments) were performed in 24.0% of the patients in group A, and 73.6% of the patients in group B; this difference was statistically significant (*p*\<0.001). The patients in group B tended to have more frequent perioperative red blood cell transfusions than those in group A (*p*=0.060). There was no postoperative mortality among patients in both groups. The postoperative complication rates were 12.0% in group A, and 18.9% in group B; the difference was not statistically significant (*p*=0.532). Liver function-related complications, such as hepatic failure or ascites, as well as surgery related complications, such as biloma or intra-abdominal bleeding, occurred only in group B.

Regarding pathological variables, the median diameter of the largest tumor in the resected liver specimens was significantly smaller in group A (2.8 cm) than in group B (3.7 cm; p=0.024). The median total number of tumors was 2 in both the groups (*p*=0.307). The median tumor size for the RFA was 1.0 cm (range, 0.5-3.2 cm) and the median tumor number for the RFA was 1.0 cm (range, 1.0-3.0). There were no statistically significant differences in the presence of cirrhosis or microvascular invasion between the two groups (*p*=0.538 and *p*=0.899, respectively).

Moreover, there were no statistically significant differences in the overall or disease-free survival rates between groups A and B ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). The overall survival rate, at 5 years, was 72.1% in group A and 52.0% in group B (*p*=0.177). The disease-free survival rate at 5 years was 29.7% in group A and 23.9% in group B (*p*=0.305). Furthermore, the marginal recurrence following the intraoperative RFA was 16.7%.

DISCUSSION
==========

The reasons for the lack of curative treatments for patients with multiple HCCs include insufficient hepatic reservoirs after resection, impaired hepatic function with cirrhosis, and an improper surgical approach for bilobar tumor distribution. However, the survival benefits after palliative treatment for these patients have been disappointing, as documented in previous studies.[@B6][@B7] Cammá et al.[@B6] reported that, in randomized studies, the survival benefit of hepatic arterial chemoembolization in these patients was relatively small. Llovet et al[@B7]. showed that chemoembolization improved the overall survival for only 20% of responders. A study of the palliative treatment in 268 HCC patients, who did not satisfy the Milan criteria, yielded poor survival outcomes with only 24% being alive at 5 years.[@B15] Additionally, sorafenib was reported to improve the survival period by only 3 months in patients with advanced HCCs.[@B8]

However, Ng et al.[@B9] reported favorable survival outcomes after hepatic resection for large or multiple HCCs, with 5-year overall survival rates of 39%. They suggested that the long-term survival outcomes in patients without poor prognostic variables were comparable to those with early HCC. Yin et al.[@B10] suggested that hepatic resection may be the treatment of choice for resectable multiple HCCs that do not meet the Milan criteria. Furthermore, they reported a 3-year overall survival rate of 51.5%. These studies indicate that hepatic resection could be a curative treatment option for patients with resectable HCC.

Recently, RFA has been recommended for patients with early HCC as a curative treatment option.[@B1][@B2][@B3][@B4] Kim et al.[@B16] reported excellent long-term survival outcomes for patients with early HCC after percutaneous RFA; the 10-year survival rate was 38.2%. However, they also reported that tumor recurrence after RFA was frequent, with 10-year intrahepatic and extrahepatic recurrence rates of 88.5% and 38.2%, respectively. Intraoperative RFA has some theoretical advantages- it provides a better visualization of the tumor for accurate placement of the ablation probe, is painless, and is safer than a percutaneous approach. Therefore, H-RFA may be the treatment of choice for HCC patients with surgical limitations, such as those with poor hepatic reservoir function or bilobar tumor distribution.

Pawlik et al.[@B17] reported the first study of H-RFA, in 172 patients with hepatic metastases from colorectal or other cancers. They showed that the ablated tumor size and number did not influence the survival outcomes or local recurrence after H-RFA. They, therefore, suggested that H-RFA was a safe treatment option for multiple hepatic metastases from gastrointestinal cancers.

Choi et al.[@B18] described the long-term survival outcomes of patients with multifocal HCC, who underwent H-RFA. They reported that the 5-year overall survival rate, after H-RFA, was 55% and that the intrahepatic marginal recurrence rate was 3%. They also reported no hospital mortalities, and an RFA-related complication rate of 2%. A resected tumor size ≥5 cm was the only independent prognostic factor for survival.

In this present study, there were no significant differences in the overall and disease-free survival outcomes, between patients who underwent H-RFA and those who underwent hepatectomy alone. Furthermore, the marginal recurrence rate was 16.7%, which is consistent with the previous study reported by Kim et al.[@B16] Thus, we conclude that H-RFA is an effective treatment modality for patients with multiple HCC. Expanding the possibilities for the curative resection of HCC will lead to better prognoses for patients with multiple HCC. Additionally, patients with H-RFA experienced a lower complication rate than those with hepatectomy alone, although this difference was not statistically significant. Liver function-related or surgery-related complications occurred only in patients who underwent hepatectomy alone.

In conclusion, the results of our study suggest that H-RFA is a safe and effective treatment option for patients with multiple HCCs, comparable to extended hepatectomy alone.
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![Comparison of the disease-free survival curves in group A (hepatectomy combined with intraoperative radiofrequency ablation) and group B (hepatectomy alone). The median survival time was 15.0 months in group A and 12.0 months in group B.](kjhbps-19-98-g002){#F2}

###### Clinicopathological characteristics of patients who underwent a hepatectomy combined with intraoperative radiofrequency ablation (group A), and hepatectomy alone (group B)
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^\*^Interquartile range. ^\*\*^Minimum to maximum. ICG-R15, indocyanine green test retention rate at 15 minutes; NA, not available; RBC, red blood cell; RFA, radiofrequency ablation
